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Vitamin A functions as a hormone by exerting profound effects on a variety of biological processes, including cell growth, differentiation, reproduction, morpho genesis and disease (1-3). In the target tissues, vitamin A [all-trans-retinol] is oxidized to give all-trans-retinoic acid, which exerts the wide-ranging hormonal activities of vitamin A (4). Two classes of receptors mediating pleiotropic signals of retinoic acid are reported: retinoic acid receptors (RARs) and retinoid X receptors (RXRs) (5, 6). RARs recognize all-trans-retinoic acid and 9-cis-retinoic acid, while RXRs recognize only 9-cis-retinoic acid (5, 6). However, the mecha nism of the formation of the geometrical isomers of retinoic acid remains unsolved.
F9 embryonal carcinoma cells have been extensively used as models for differentiation and embryonic development (7, 8) . When F9 cells are treated with all-trans-retinoic acid, they differentiate into parietal endoderm-like cells (7, 8) . Bioassays utilizing F9 cells have been widely carried out for the determination of the activity of retinoids.
In the following, we describe the results of our study on the photoisomeriza tion of the geometrical isomers of retinoic acid [all-trans-retinoic acid, 9-cis-retinoic acid, 11-cis-retinoic acid, l3-cis-retinoic acid and 9, 13-di-cis-retinoic acid] and their biological effects on F9 teratocarcinoma cells.
EXPERIMENTAL
Materials. 9-cis-Retinoic acid, 11-cis-retinoic acid and 9, 13-di-cis-retinoic acid were prepared as reported (9). All-trans-retinoic acid and 13-cis-retinoic acid were purchased from Sigma Chemical Co. (St. Louis, MO, USA), S-2251 was purchased from Chromogeix AB (Molndal, Sweden) and plasminogen was ob tained from Athens Research and Technology Inc. (Athens, GA, USA). The F9 cells (7) were kindly supplied from the Japanese Cancer. Research Resources Bank (Tokyo, Japan). High-performance liquid chromatographic analyses were carried out on a TSKgel ODS-80Ts column (Tosoh Co., Tokyo, Japan). The mobile phase was a mixture of CH3CN/CH3OH/H2O/CH3COOH (75:11:13:9).
Assignment of the peaks was carried out by running authentic samples of the geometrical isomers of retinoic acid. The results of analyzing the photoisomerization of the ethanolic solutions of the retinoic acids [all-trans-retinoic acid, 9-cis-retinoic acid, ll-cis-retinoic acid, 13 -cis-retinoic acid and 9, 13-di-cis-retinoic acid] kept in a normal clean bench il luminated by standard fluorescent lamps (1,200 lx) are shown in Figs. 1, 2 and 3. The rate of the photoisomerization increased in parallel with the decrease in the concentration of the retinoic acids (Fig. 1) . The extent of photoisomerization after 30min was almost negligible at 10-3M (Fig. 1B) . However, when the concentra tions of the retinoic acids were lowered to 10-4M, the degree of photoisomerization amounted to approximately 80% (Fig. 1C) . When the concentrations were further lowered to 10-5M, the equilibrium states of photoisomerization were reached (100% photoisomerization) (Fig. 1D) . Photoisomerization reaction was not detected even after 6h when the solutions were illuminated by colored fluorescent lamps (FLR4OS• Y-F/M) (80 lx) excluding light under 500nm (Fig. 1A) .
When illuminated for 15min, the degree of photoisomerization of the retinoic acids was inversely proportional to the concentration of retinoic acids below 10-4M (Fig. 2) .
The time course of the photoisomerization of the solution (10-5M) of all-trans retinoic acid kept standing under illuminated conditions (1,200 lx) is shown in Fig. 3 . The apparent velocity of the photoisomerization reaction was approximate 1D ).
We were then interested in the biological effect of photoisomerization of the retinoic acids. Accordingly, we analyzed the alterations in the activities of the solutions of the retinoic acids to induce differentiation in F9 cells into parietal endoderm-like cells when illuminated by white fluorescent lamps (Fig. 4) . The activity of the solution of all-trans-retinoic acid decreased to 1/10 after 30min of illumination. In contrast, the activity of the solution of 9, 13-di-cis-retinoic acid was augmented 10-fold. The activity of the solution of 9-cis-retinoic acid was influenced only slightly by illumination. We then analyzed the wavelength of light inducing the photoisomerization of all-traps-retinoic acid. As shown in Fig. 6 , the velocity of photoisomerization at each wavelength was in parallel with the E-value of all-traps-retinoic acid at the wavelength. This result indicates that photoisomerization was triggered by the absorbed light. Supporting the assumption, photoisomerization did not take place when illuminated by fluorescent lamps which excluded light under 500nm (Fig. 1A) We previously reported differences in the activities of the retinoic acids to induce the phenotypic maturation of human promyelocytic leukemia (HL-60) cells into granulocytes (10). 9-cis-Retinoic acid showed over tenfold higher activity than all-trans-retinoic acid, while the activity of 13-cis-retinoic acid corresponded rough ly to that of all-trans-retinoic acid and that of 9, 13-di-cis-retinoic acid was approx imately 1/10 of the level (10). Further, all-traps-retinoic acid acted with 9-cis retinoic acid synergistically on HL-60 cells, and additively with other geometrical isomers (10). The geometrical isomers of retinoic acid acted quite differently on F9 cells, as described in Results section. These results might reflect the complexity of the retinoid receptor system. 
